Abstract Tsunamis are natural hazards that have affected the Caribbean in the past and are projected to do so in the future. In order to mitigate the devastating impacts of tsunamis, awareness and preparedness is critical amongst local populations. This study investigated the knowledge, attitude and practices of coastal residents in one Caribbean country (Trinidad and Tobago) about tsunamis. Fifty residents were interviewed in each of three coastal communities in Trinidad and four coastal communities in Tobago. Interviewees generally lacked basic tsunami awareness (\20 % were fully aware of a basic definition of a tsunami, only 57 % indicated that natural signs in the environment could be used to foretell a tsunami's arrival, and 92 % were unaware of past tsunamis in the Caribbean). Interviewees possessed an attitude that was consistent with the popular saying/ perception that 'God is a Trini' as (1) 46 % indicated that there was no or very little likelihood that Trinidad and Tobago would be hit by a tsunami in the next 10 years and (2) 57 % indicated that if a tsunami were to occur God will be the entity most likely to prevent the loss of life. There was a lack of tsunami preparedness by individuals as 93 % of the interviewees did not have an emergency plan for a tsunami. Overall, 85 % of the interviewees indicated that public education programmes about tsunamis had never been conducted in their community. Baseline data from this study will be useful in (1) evaluating the effectiveness of current tsunami awareness and preparedness efforts and (2) Electronic supplementary material The online version of this article (doi:10.1007/s11069-015-2138-3) contains supplementary material, which is available to authorized users. 
Introduction
Tsunamis are natural hazards that have garnered worldwide attention due to their devastating impacts on humans and the built and natural environment. According to the Tsunami Glossary of the Intergovernmental Oceanographic Commission (IOC), the Japanese word 'tsunami', which translates to 'harbour wave' in English, is a series of travelling waves that may be generated by disturbances associated with earthquakes occurring below or near the ocean floor, volcanic eruptions, submarine landslides and coastal rock falls (IOC 2013) . Events that do not fit into this definition are meteorological tsunamis or meteotsunamis, i.e. waves generated by meteorological or atmospheric perturbations, e.g. storm surges (Tinti et al. 2004; IOC 2013) . During the course of history, tsunamis have led to the loss of human lives, the destruction of infrastructure, coastal flooding, environmental damage and economic loss amounting to billions of dollars (IOC 2013) . Of the tsunamis that were reported within the past two decades, the three that were responsible for the greatest loss of lives had the following source locations (1) Banda Aceh, Indonesia, December 2004 (227,898 persons estimated dead or missing near and outside the source region), (2) Tohoku, Japan, March 2011 (18,717 persons estimated dead or missing near and outside the source region) and (3) Papua New Guinea, July 1998 (2205 persons estimated dead or missing) (IOC 2013) . Following the 2004 Indian Ocean tsunami, damage and economic loss across the entire affected region was estimated to be approximately 9.9 billion US dollars (Telford and Cosgrave 2006) . More recently, the economic loss associated with the 2011 Tohoku earthquake and tsunami was an estimated 235 billion US dollars, causing it to be ranked as the costliest geophysical disaster in the world (The Economist 2011).
The Caribbean is one of the regions in the world in which tsunamis are a reality. This stems from the fact that (1) tsunamis have occurred in the region in the past and (2) the geological setting is such that the Caribbean is prone to seismic and volcanic activity capable of generating tsunamis (Pararas-Carayannis 2004) . Between 1498 and the present, an estimated 85-106 tsunamis were documented in the Caribbean (Lander et al. 2002; Harbitz et al. 2012; NOAA 2015) . The most recent of these tsunamis occurred in Haiti as a result of the December 2010 earthquake and caused at least three fatalities (Fritz et al. 2013) . However, the most recent devastating tsunami event in the Caribbean was the Dominican Republic tsunami of 1946 which claimed 1800 lives (von Hillebrandt-Andrade 2013) . Overall, tsunamis in the Caribbean have reportedly caused more than 15,000 fatalities (Harbitz et al. 2012) . Past tsunamis in the Caribbean Region were reported to have been caused by earthquakes (74 %), volcanoes (14 %) and landslides (7 %) (Harbitz et al. 2012) . Future Caribbean tsunamis may occur as a result of (1) earthquakes near the Lesser Antilles and Hispaniola, (2) volcanic eruptions and subsequent landslides on Montserrat (Soufriere Hills), Martinique (Mt. Pelée), St. Vincent (La Soufrière) and St. Lucia, (3) the eruption of the submarine volcano 'Kick'em Jenny' off the north coast of Grenada, (4) destabilisation (via a submarine landslide) of the present-day 'Kick'em Jenny' edifice (Smith and Shepherd 1995; Heinrich et al. 1999; Pararas-Carayannis 2004; Dondin et al. 2012; Harbitz et al. 2012 ) and (5) submarine landslides initiated by earthquakes (Lopez-Venegas et al. 2015) . Based on these potential sources, the Caribbean Sea and its environs were identified as a tsunami hazard zone (Proenza and Maul 2010) . In the Caribbean Region, the potential for human and economic loss as a result of tsunamis has risen in comparison with previous decades due to increases in coastal population size, beach tourism, as well as infrastructural and economic activity at the coast (Proenza and Maul 2010; von Hillebrandt-Andrade 2013) .
Similar to many Caribbean countries, Trinidad and Tobago, the most southerly islands in the Caribbean archipelago, may have experienced tsunamis in the past and may potentially be subject to such geophysical hazards in the future. The country possibly experienced tsunamis in (1) 1795 (probable tsunami, source-earthquake), (2) 1825 (questionable tsunami, source-earthquake), (3) 1831 (tsunami assessed as unlikely/doubtful, source-earthquake), (4) 1911 (probable tsunami, source-mud volcano explosion) and (5) 1997 (source-earthquake off the coast of Venezuela) (Lander et al. 2002; NOAA 2015) . Kick'em Jenny, a submarine volcano located approximately 8 km north of Grenada, is the most frequently active volcano in the Lesser Antilles arc (Lindsay et al. 2005) . If Kick'em Jenny were to erupt, tsunami waves could potentially reach the coasts of Trinidad and Tobago in less than an hour with wave heights ranging between 3.55 and 7.11 m (worst case scenario, volcanic explosive index (VEI) of 6) and 0.55-1.09 m (realistic scenario, volcanic explosive index (VEI) of 3) (Smith and Shepherd 1993) . More recently, it was suggested that a large violent eruption of Kick'em Jenny may generate waves with a run-up of 1-2 m on the coasts of Trinidad and that if the volcano were to break the surface, the projected run-up would be greater (Pararas-Carayannis 2004) . Furthermore, due to its seismic setting, Trinidad and Tobago has experienced earthquakes in the past and remains prone to these disasters (ODPM 2014) . Of note is the fact that earthquakes were responsible for 74 % of tsunamis that occurred in the Caribbean Region and thus may be the source of a future tsunami in Trinidad and Tobago (Harbitz et al. 2012) . A portion of Trinidad and Tobago's 1.3 million inhabitants live in low-lying coastal areas around both islands and thus would be at risk if a tsunami were to hit the country (CSO 2012). Darsan et al. (2013) indicated that the effects of a simulated 10-m tsunami on Trinidad's east coast would be devastating and result in damage/destruction of beach front property, damage to the main road and destruction of the coconut estates and the Nariva Swamp.
Basic disaster preparedness and awareness is fundamental to mitigating the devastating impacts (particularly the loss of human lives) which may be inflicted by tsunamis (Harbitz et al. 2012) . In Trinidad and Tobago, the three primary organisations which are involved in tsunami awareness and preparedness activities are the (1) Seismic Research Centre (SRC), (2) Office of Disaster Preparedness and Management (ODPM) and (3) Tobago Emergency Management Authority (TEMA). Of these, the first is a non-state agency while the latter two are state agencies. In collaboration with the Caribbean Disaster Emergency Management Agency (CDEMA), the SRC was involved in the public education component of a USAID funded Tsunami and other Coastal Hazards Warning System (TCHWS) project (SRC 2010) . Under this project, the SRC: (1) prepared a suite of region-specific multimedia products (pamphlets, media kits, public service announcements, etc.) about tsunamis, (2) developed teacher resource kits with lesson plans and teaching charts to be used for children in the 12-15 year age group and (3) developed a Tsunami Smart brand whose overall aim was to increase tsunami awareness across the region (SRC 2010) . Under the Tsunami Smart brand, one area of focus was promoting awareness of a tsunami's natural warning signs (SRC 2010) . In 2009, the SRC also focused on the theme 'Understanding Tsunamis' during Earth Science Week and carried out the following education and outreach activities at coastal communities in Trinidad whereby (1) geography students from the Mayaro Secondary School were hosted at a tsunami student workshop at the SRC headquarters in Trinidad and (2) SRC staff visited the Cedros Secondary School to conduct a tsunami awareness workshop with students (SRC 2010) .
State agencies in Trinidad and Tobago also play a critical role in tsunami awareness and preparedness. The ODPM in Trinidad and TEMA in Tobago have adopted a multi-hazard approach whereby coastal residents in certain communities were briefed on multiple disasters (one of which was tsunamis). Specifically, the ODPM was able to accomplish such outreach efforts through their 5-year CORE (Communities Organised and Ready for Emergencies) programme in Trinidad. Local authorities in Tobago have also engaged coastal residents in tsunami drills in order to build tsunami awareness and preparedness. In 2014, TEMA hosted a 'Dark Wave' exercise that involved a tsunami drill in the communities of Roxborough and Canaan in Tobago. Furthermore, in Trinidad, the ODPM posted 'Be Tsunami Smart' signs that were developed by the SRC on popular bathing beaches along the north (Maracas), east (Manzanilla, Mayaro) and west (Vessigny) coasts of Trinidad. These signs advise the public to run to higher ground if they (1) feel a strong earthquake, (2) see the water withdraw an unusual distance and (3) hear a strange roar. No such signs are present on the beaches of Tobago. To date, tsunami sirens are only available in Canaan, Tobago. These sirens were installed at Canaan so that once a tsunami warning is received, TEMA will be able to remotely sound the siren and issue a warning to the residents of that community. In Trinidad, under the Risk Reduction Management Centre (RRMC) project, early warning points (EWPs) were set up in the Mayaro/Rio Claro Regional Corporation in order to provide information such as tsunami warning alerts to coastal residents. At the regional level, the IOC successfully established a Caribbean Early Warning System (EWS) in the majority of Caribbean countries and territories whereby each participating country/territory has a designated body which serves as a tsunami contact warning point (von Hillebrandt-Andrade 2013). In Trinidad and Tobago, under the Caribbean EWS, the ODPM is the local tsunami contact warning point which is responsible for coordinating and issuing tsunami alerts to locally established early warning points.
The knowledge, attitude and practice (KAP) survey is a useful tool that may be utilised to investigate what people know (knowledge), how they feel (attitude) and what they do (practice) about a particular topic (Vandamme 2009 ). Such surveys have traditionally been utilised for (1) diagnostic purposes, (2) designing appropriate interventions and (3) evaluating the effectiveness of existing programmes, in the area of public health (Vandamme 2009 ). Within the Caribbean Region, KAP surveys have been utilised in relation to public health as well as environmental issues (Parimi et al. 2004; Hariharan et al. 2006; Rawlins et al. 2007; Rotimi and Oluwafemi 2008; Mohan and Chadee 2011) . To the authors' knowledge, however, KAP surveys have never been utilised in the Caribbean Region to gather information from local populations about their awareness and preparedness regarding natural hazards such as tsunamis. However, regarding other natural hazards, Ash (2013) utilised semi-structured interviews to investigate seismic hazard perception in the eastern Caribbean island of Tobago. In other regions in the world, specifically designed surveys have in the past been used to gather information from local populations about tsunamis. For example, in central Vietnam, 153 persons were interviewed using a structured questionnaire in order to assess their awareness of tsunamis (Esteban et al. 2014) . Surveys have also been administered following the occurrence of tsunamis such as the 2004 Indian Ocean Tsunami and the 2009 American Samao Tsunami in order to gain insights into the local population's level of awareness and preparedness prior to the event and their behaviour during the event (Esteban et al. 2013; Yun and Hamada 2014; Lindell et al. 2015) .
In order to appropriately evaluate the effectiveness of current programmes regarding tsunami awareness and preparedness, data regarding the awareness of vulnerable inhabitants (e.g. coastal dwellers) to tsunamis are vital. To date, such data are non-existent for Caribbean islands. In an attempt to begin the process of filling this key information gap, this present study focused on one Caribbean country: Trinidad and Tobago. The overall goal of this study is to assess the knowledge, attitude and practices (KAP) of coastal dwellers in selected communities in Trinidad and Tobago about tsunamis.
Methods
Following the development of a targeted questionnaire (Supplementary Material 1) for this study, a validation (or 'pretest') exercise was conducted in a coastal community in west Trinidad (St. Margaret's, Claxton Bay) in October 2014. This community was chosen as (1) it was identical to the study population (i.e. it was a coastal community where residents lived on land \10 m in height) and (2) it was not one of the sample sites in this study. During the validation exercise, 30 residents (i.e. between 5 and 10 % of this study's total sample size) were interviewed in the targeted community of St. Margaret's. Based on feedback given from respondents during the validation exercise, the questionnaire underwent minor modifications prior to being used at actual sampling sites. Gumucio (2011) emphasised the importance of a 'pretest' in KAP studies by highlighting that such an exercise (1) certifies proper interpretation of questions by interviewees, (2) highlights the need for the re-wording of questions, (3) highlights oversights that may have slipped into the questionnaire and (4) tests the workability of the questionnaire.
Communities that were deemed vulnerable to potential tsunamis, i.e. those located in coastal areas situated on land less than 10 m in height, were targeted for this study. The study was conducted during the months of November and December 2014 in three coastal communities (Maracas and Grande l'Anse on the North Coast and Mayaro on the East Coast) on the island of Trinidad and in January 2015 in four coastal communities (Buccoo and Charlotteville on the west coast and Speyside and Roxborough on the east coast) on the island of Tobago (Fig. 1) .
The following formula from Gumucio (2011) was used in the calculation of sample size:
where N = sample size; Z = value corresponding to a given confidence interval (1.96 for a confidence interval of 95 %); p = percentage of the primary indicator expressed as a decimal (default 0.5); c = standard error, expressed as a decimal.
Based on the above formula, a sample size of 384 individuals was calculated (where Z = 1.96, i.e. for a confidence interval of 95 %, p = 0.5, c = 0.05). Using this as an estimate and taking into account time and resource constraints, 50 residents were interviewed in each of the seven coastal communities in Trinidad and Tobago. In total, 350 persons in Trinidad and Tobago were interviewed for this study. Convenience sampling was conducted whereby residents who were at home during the surveying time were interviewed.
The data for this study were tabulated and analysed using SPSS (Statistical Package for the Social Sciences) version 21. The Chi-Square test was used to determine whether selected variables were independent of each other, and results were considered significant at the 5 % level (a = 0.05). Chi-square results were reported as follows: v 2 (test statistic), df (degrees of freedom), p (p value). Previous KAP studies (Wei et al. 2014; Mohan and Chadee 2011; Rotimi and Oluwafemi 2008; Rawlins et al. 2007; Hariharan et al. 2006; Parimi et al. 2004 ) have used both Chi-square tests and SPSS in the analysis of their data. Table 1 shows the demographic characteristics of the 350 persons that were interviewed in this study. On both islands, the percentage of male (Trinidad-56.7 %, Tobago-52 %) and female (Trinidad-43.3 %, Tobago-48.0 %) interviewees was similar. The highest percentage of interviewees were between 30 and 59 years (Trinidad-47.9 %, Tobago-53.5 %), followed by those \30 years (Trinidad-36 %, Tobago-32 %), while the smallest percentage of interviewees were 60 years and over (Trinidad-16 %, Tobago-14.5 %). The ethnicities of the interviewees on both islands differed such that in Trinidad ethnicity distribution was Mixed (52 %) [ African (32 %) [ Indian (16 %), while in Tobago it was African (89 %) [ Mixed (9 %) [ Indian (2 %). On both islands, none of the interviewees were of European or Chinese/Asian ethnicity. The highest percentage of interviewees on both islands attained either secondary (Trinidad-52.7 %, Tobago-51.5 %) or primary school education (Trinidad-34.0 %, Tobago-36.5 %). Table 2 provides information on the knowledge of interviewees about tsunamis. On both islands, less than 20 % of all interviewees were fully aware of a basic tsunami definition (Supplementary Information 1), while the majority (76 %) were uncertain about this (Fig. 2 ). While some interviewees were able to identify earthquakes (48 %), volcanic eruptions (15 %) and landslides (5 %) as tsunami sources, one-third of the interviewees (33 %) did not know what caused a tsunami (Fig. 3) . In almost all the cases where interviewees provided sources in addition to the ones listed in the questionnaire, these were not correct, e.g. weather, global warming, climate change, oil exploration and exploitation activities. There was a statistically significant association between the interviewees' level of education and their knowledge of a basic tsunami definition (v 2 22.904, df 4, p \ 0.001). The level of education of the interviewees that were fully aware of a basic tsunami definition was as follows: tertiary level (36.6 %), secondary level (18.7 %) and primary level (7.9 %). The findings from this study indicated that interviewees that possessed a higher level of education were more knowledgeable about tsunamis. There was no statistically significant association between the interviewees' knowledge of a basic tsunami definition and the demographic variables of gender (v 2 5.306, df 2, p 0.07), age (v 2 2.514, df 4, p 0.642) or ethnicity (v 2 1.548, df 4, p 0.818). A total of 57 % of all interviewees indicated that it was possible to foretell a tsunami's arrival based on signs in the natural environment (Fig. 4) . There was a statistically significant association between the interviewees' knowledge that natural signs could foretell a tsunami's arrival and the demographic variables of gender (v 2 6.769, df 2, p 0. 23.728, df 10, p 0.008) and education (v 2 15.448, df 4, p 0.004). Overall, in this study, a higher percentage of males (63.5 %) than of females (49.7 %) were aware that signs in the natural environment could be used to foretell a tsunami's arrival. Furthermore, a higher percentage of interviewees in the younger age brackets (e.g. 75 % of 13-to 19-year-olds) as compared to those in the older age brackets (e.g. 43.4 % of those 60 years and over) were aware that signs in the natural environment could be used to foretell a tsunami's arrival. Moreover, a higher percentage of interviewees with higher levels of education, i.e. tertiary (75.6 %) [ secondary (61 %) [ primary (45.7 %), indicated that signs in the natural environment could be used to foretell a tsunami's arrival. While 37 % of the interviewees indicated that a receding shoreline was a sign of a tsunami's arrival, lower percentages of interviewees listed 'strange animal movements' (9 %), 'hearing a loud sound coming from the sea' (7 %) and 'agitation of the water' (5 %) as other warning signs (Fig. 5) . Of note is the fact that a percentage of interviewees on both islands (Trinidad-26 %, Tobago-27 %) listed signs that cannot correctly foretell a tsunami's arrival (Fig. 5) .
Results

Demographics
Knowledge about tsunamis
The majority of interviewees (99 %) were aware that a tsunami is a destructive event and cited loss of life and the destruction of infrastructure as some of the potentially destructive impacts of a tsunami. Although the majority of interviewees (92 %) were aware of tsunamis that had occurred in other parts of the world, they were unaware that tsunamis had previously occurred in the Caribbean (92 %). The majority of interviewees (99 %) were also unaware that Trinidad and Tobago potentially experienced tsunamis in the past. Regarding tsunami arrival times, the highest percentage of interviewees did not know how long it would have taken for a tsunami to arrive in Trinidad and Tobago if caused by local/ regional sources (46 %) or distant sources (48 %). Over 80 % of all interviewees indicated that public education programmes about tsunamis had never been conducted in their community (Fig. 6) . Signs that tsunami is due to arrive Fig. 5 Interviewees' responses regarding the specific signs that can foretell a tsunami's arrival Nat Hazards (2016 Hazards ( ) 81:1349 Hazards ( -1372 Hazards ( 1359 3.3 Attitude about tsunamis 19.935, df 3, p \ 0.001). A higher percentage of Trinidadian interviewees (37 %) than of Tobagonian interviewees (16 %) thought that it is very likely for a tsunami to hit Trinidad and Tobago in the next 10 years. Overall, the majority of interviewees (46 %) thought that there was no or very little likelihood that a tsunami would hit Trinidad and Tobago in the next 10 years. The majority of interviewees on both islands (78 %) did, however, think that they would at some point be at risk from a tsunami hazard. The majority of interviewees (57 %) indicated that in the event of a tsunami in Trinidad and Tobago, God would most likely prevent the loss of life. Interviewees also indicated that to a lesser extent, individuals (27 %), the government (13 %) and non-governmental organisations (1.5 %) would most likely prevent the loss of life in the event of such a disaster (Fig. 7) .
A higher percentage of interviewees disagreed (53 %) rather than agreed (25 %) that coastal communities and beachgoers would have enough time to self-evacuate from coastal areas in the event of a tsunami in Trinidad and Tobago. While the majority of interviewees disagreed (56 %) that citizens of Trinidad and Tobago (Trinbagonians) would be inclined to remain at the coast and watch a tsunami arrive rather than evacuate, a percentage of the interviewees (31 %) agreed that such a situation may occur.
Regarding the issue of whether Trinbagonians would be most likely to ignore a radio/ television tsunami warning and remain near coastal areas, there was a statistically significant difference in responses from interviewees on both islands (v 2 13.858, df 4, p 0.008). A higher percentage of Trinidadian (48 %) than of Tobagonian interviewees (28.5 %) agreed with the statement, while a higher percentage of Tobagonian (50 %) than of Trinidadian (36.7 %) interviewees disagreed with the statement.
On both islands, the majority of interviewees (Trinidad-83.3 %, Tobago-85 %) strongly agreed that a regional tsunami early warning system was important. The interviewees also strongly agreed (Trinidad-86 %, Tobago-80 %) that evacuation plans were important for coastal communities that were susceptible to tsunamis. The general consensus from interviewees on both islands (Trinidad-62.6 %, Tobago-71.5 %) was that they disagreed that the local authorities were sufficiently prepared to respond to a tsunami threat in Trinidad and Tobago. Table 4 provides information obtained regarding the practices of interviewees about tsunamis. The majority of interviewees (87 %) indicated that if they were to observe certain signs in the natural environment (receding shoreline, agitation of the water, strange animal movements, hear loud rumbling noises from the sea), they would most likely evacuate the coast immediately. There was a statistically significant difference between the responses of interviewees on both islands (v 2 8.33, df 2, p 0.016). Overall, a higher percentage of Tobagonian (91.5 %) than of Trinidadian (81.3 %) interviewees indicated that they would evacuate the coast upon observing the listed signs. Of note, 13 % of all interviewees indicated that upon observing the listed signs, they would either 'wait to see what happens' or 'do nothing'.
Practices of interviewees about tsunamis
When asked about what they would do upon experiencing an earthquake at the coast, the majority of interviewees (Trinidad-60.7 %, Tobago-72.4 %) indicated that they would evacuate immediately. However, 29 % of all interviewees (Trinidad-34.7 %, Tobago-25.1 %) indicated that they would most likely 'wait to see what happens' or 'do nothing' (Fig. 8 ). There was a statistically significant difference between the responses of interviewees on both islands regarding this practice (v 2 6.123, df 2, p 0.047). When asked about what they would do if they were to experience an earthquake while on a fishing or pleasure boat, the majority of interviewees (Trinidad-67.8 %, Tobago-76.9 %) indicated that they would head to the shore. Less than 25 % of interviewees on either island (Trinidad-21.9 %, Tobago-11.6 %) indicated that they would head for deeper waters. There was a statistically significant difference between the responses of interviewees on both islands regarding this practice (v 2 7.865, df 3, p 0.049). Regarding the news, the majority of interviewees indicated that they either paid attention to the local news everyday (46 %) or at least 3 times per week (37 %). In Trinidad, the medium of the news used most frequently by the interviewees was television (62.1 %) followed by print (19.3 %), while in Tobago it was television (76.7 %) followed by radio (11.9 %). On both islands, the majority of interviewees (Trinidad-70.5 %, Tobago-63.8 %) indicated that if a tsunami warning were issued for Trinidad and Tobago, it would be very likely that they would hear the warning. The majority of interviewees (Trinidad-84 %, Tobago-78.9 %) also indicated that if a tsunami warning were issued for Trinidad and Tobago, they would 'self-evacuate'.
More than 85 % of all interviewees on both islands indicated that if a tsunami awareness workshop were to be hosted in their community, they would attend. At the point of conducting this study, the majority of all interviewees (93 %) indicated that their families did not have an emergency plan for a tsunami. There was a statistically significant difference between the responses of interviewees on the two islands (v 2 19.998, df 1, p \ 0.001) as a higher percentage of Tobagonian (98 %) than of Trinidadian (85. 3 %) interviewees indicated that their families did not have an emergency plan for a tsunami.
Discussion
The possession of basic tsunami awareness by coastal residents is critical in order to effectively enable these individuals to detect natural tsunami warning signs and act appropriately and independently prior to the arrival of a tsunami. Deficiencies in the knowledge of coastal residents about tsunamis will undoubtedly confer a disadvantage by If a tsunami warning were issued for Trinidad, using a scale of 1-4 (with 4 being very likely and 1 being not at all likely), how likely will it be that you will hear it? contributing to incorrect decision-making in the event of a tsunami. In the Caribbean, the estimated arrival time for a tsunami caused by local or regional sources is predicted to be short, i.e. less than 30 min to an hour (Lander et al. 2002; Harbitz et al. 2012) . Consequently, upon observation of signs in the natural environment that usually foretell a tsunami's arrival, coastal residents need to be able to take appropriate action, i.e. initiate selfevacuation and move to higher ground in order to prevent the loss of life (Lander et al. 2002) . Having a public that is acutely aware of the natural signs of an impending tsunami is one of the factors that is critical to addressing the threat posed by tsunamis to Caribbean populations (von Hillebrandt-Andrade 2013). As a result of a lack of awareness of tsunami hazards, there was a lack of self-evacuations by Haitians following the 2010 Haiti earthquake (Fritz et al. 2013 ). In Haiti, there were three tsunami fatalities as well as reports of fishermen at Pedernales remaining at the coast to record the tsunami on their cellular phones (Fritz et al. 2013) . By comparison, tsunami awareness amongst coastal residents in Chile prompted self-evacuation to higher ground following the February 2010 earthquake, which contributed to low causalities (Esteban et al. 2013) . Furthermore, the ability of coastal residents to act independently, i.e. without waiting for instructions from local authorities, is also vital as warning systems may fail or not have sufficient time to communicate warnings. Such was the case in Haiti in 2010 where tsunami warnings issued by the Pacific Tsunami Warning Centre (PTWC) could not reach Haitian contact points as a result of an interruption in communications caused by the earthquake (Fritz et al. 2013) . Tsunami waves ended up striking Haiti before official warnings had reached coastal residents (Fritz et al. 2013) . By contrast, even though tsunami warning systems failed in 2010 in both Chile and the Mentawai Islands and official tsunami warnings were not issued by national authorities, there was still a high level of tsunami awareness amongst the locals that prompted self-evacuations and contributed to saving lives (Esteban et al. 2013) . In instances where tsunami awareness and preparedness programmes are in existence, it is critical that the authorities responsible for such programmes intermittently evaluate their effectiveness. One of the ways in which the effectiveness of such programmes may be evaluated is by assessing the knowledge, attitude and practices (KAP) of vulnerable coastal communities about tsunamis. Interviews with a subset of residents from vulnerable coastal communities in the Caribbean country of Trinidad and Tobago revealed that there was an overall lack of (1) awareness about tsunamis (i.e. knowledge of tsunamis-sources, natural signs used to foretell arrival, predicted arrival times and occurrence of past tsunamis in the Caribbean), (2) preparedness (i.e. non-possession of a tsunami emergency plan) and (3) awareness of past or ongoing tsunami/tsunami-related programmes in coastal communities (Tables 2, 4). Of the seven coastal communities that were targeted in this study, local authorities on both islands indicated that work had been conducted regarding tsunami awareness and preparedness (Table 5 ). Such work would have included (1) the delivery of multi-hazard presentations to coastal residents (of which tsunamis were one of the hazards that were discussed), (2) the posting of 'Be Tsunami Smart' signs on recreational beaches and (3) delivery of tsunami workshops to selected schools as part of 'Earth Science' week (Table 5 ). In spite of the work that has been conducted by local authorities in Trinidad and Tobago, it is apparent that there is still much to be done to raise tsunami awareness and preparedness in vulnerable communities across both islands.
In order to boost tsunami awareness and preparedness in Trinidad and Tobago and other Caribbean islands, local authorities in each country should consider consolidating efforts and developing a national plan of action as it relates to this natural hazard. Under this plan, the following items as they relate to tsunami awareness and preparedness ought to be formalised: (1) goals to be achieved, (2) timeframe within which those goals are to be achieved, (3) agencies responsible for achieving the proposed goals, (4) detailed plans from the various agencies indicating how they intend to achieve identified goals and (5) a means of monitoring and evaluating implemented programmes. Within this national plan, an evaluation should be conducted regarding past/ongoing tsunami awareness and preparedness programmes and decisions should be taken regarding the expansion of existing programmes and the implementation of new programmes. In the development of each national plan, stakeholders from relevant agencies and the general public ought to be involved. The development of such plans at a national level is not a novel concept as they are in existence for countries outside the Caribbean Region, e.g. The National Tsunami Hazard Mitigation Programme (NTHMP) of the United States (Dengler 2005) .
At the regional level, one of the specific recommendations for authorities responsible for disaster management and risk reduction is promoting the inclusion of the topic of tsunamis on the primary and secondary schools syllabi. Presently, students of secondary school age in the Caribbean Region take examinations that are administered by the Caribbean Examinations Council. Currently, the topic of natural hazards is covered in the subject of Geography at both the CSEC and CAPE levels (CXC 2010 (CXC , 2015 . Although volcanoes, earthquakes and floods were specifically listed under this section in both syllabi, tsunamis were not (CXC 2010 (CXC , 2015 . Furthermore, to the authors' knowledge, with the exception of Puerto Rico which has a specific Tsunami Curriculum that is used for grades K-6 and 7-12 (Puerto Rico Seismic Network 2015) , the topic of natural hazards is not on the science syllabus in primary schools. At both the primary and secondary school level, the topic of tsunamis should be included on the relevant syllabi to ensure that students are informed about this specific natural hazard. The material produced by the SRC under the Public Awareness and Education Component of the Tsunami and Other Coastal Hazards Warning System project would therefore be immensely useful to teachers that need to cover the topic of tsunamis at both the primary and secondary school level in the Caribbean Region (SRC 2010) .
This specific recommendation about the inclusion of tsunamis as a topic to be taught in primary and secondary schools is supported by the findings from this study which showed that there was a statistically significant association between the interviewees' level of education and their knowledge about tsunamis. Overall, interviewees who possessed a higher level of education were more knowledgeable about tsunamis (i.e. basic definition of the term, awareness that signs could be used to foretell a tsunami's arrival). One prominent example of this was that a higher percentage of interviewees in the younger age brackets (2014) (e.g. 75 % of 13-to 19-year-olds) as compared to those in the older age brackets (e.g. 43.4 % of those 60 years and over) were aware that signs in the natural environment could be used to foretell a tsunami's arrival. At the secondary school level in Trinidad and Tobago, the topic of natural hazards is on the geography syllabus at both the CSEC and CAPE levels (CXC 2010 (CXC , 2015 . It is highly likely that tsunamis would have been discussed under the topic of natural hazards and thus this could explain why interviewees in the 13-to 19-year age bracket (secondary school age) were more knowledgeable about tsunamis as compared to the older interviewees who may not have been formally educated about such topics in school. Until the topic of tsunamis is integrated into the relevant syllabi at both the primary and secondary school levels in the Caribbean Region, tsunami presentations should also be made in all primary and secondary schools located in coastal communities. In 2009, the SRC hosted a Tsunami Ready Workshop for geography students of the Mayaro Secondary School in commemoration of Earth Science week (SRC 2010). Such workshops should not be 'one-off' events but instead should be ongoing with local agencies aiming to reach all schools in vulnerable coastal communities. At the national scale, the continued delivery of tsunami awareness and preparedness presentations to key stakeholders (e.g. fishermen, residents, business owners, community groups) in vulnerable coastal communities is recommended. As highlighted in Table 5 , local authorities in Trinidad and Tobago would have in the past delivered such presentations to certain stakeholders in some coastal communities. Yet, 85 % of the interviewees in this study indicated that public education programmes about tsunamis had never been conducted in their community. This finding therefore indicates that there are still subsets of many coastal communities that need to be reached regarding tsunami awareness and preparedness. Ash et al. (2012) indicated that religious organisations and their networks could be targeted in order to reach a subset of the population that normally would not attend or listen to awareness and preparedness presentations. In this study, 86 % of the coastal residents interviewed indicated their willingness to attend a tsunami awareness workshop. In conjunction with the tsunami educational awareness presentations, there should be a continuance and an expansion of evacuation drills in coastal communities that may be vulnerable to tsunamis. Dark Wave/Dark Storm exercises which involve tsunami drills have in the past been conducted by both the ODPM (in Trinidad, March 2015) and TEMA (in Roxborough, Tobago, 2014) in selected communities across both islands. Such evacuation drills as evidenced by the case of the Mentawai Islands were shown to contribute to the preparedness of coastal residents for the 2010 tsunami (Esteban et al. 2013) .
At the national level, additional initiatives which local authorities should consider if they are currently not in place or expand if they are in existence are (1) the development of early warning systems for vulnerable coastal communities and (2) the use of the media in raising tsunami awareness and preparedness amongst coastal dwellers. The most susceptible coastal communities should have infrastructure in place that will facilitate early tsunami warnings. The ODPM in Trinidad is currently involved in a 'Risk Reduction Management Centre' project whose overall goal is to set up and maintain early warning points (EWPs) throughout the country. The pilot phase of this project involved the setting up of three EWPs which are capable of providing tsunami warning alerts to residents in the Mayaro/Rio Claro Regional Corporation. In Tobago, tsunami sirens are present in Canaan, Tobago so that once a tsunami warning is received, TEMA will be able to remotely sound the siren and issue a warning to the residents of that community. Such initiatives definitely merit expansion such that other vulnerable coastal communities may benefit from them. According to Esteban et al. (2013) , although the development of warning systems and evacuation plans may make little sense in the short term, these efforts can reduce mortality rates in the event of a tsunami. The broadcasting of short advertisements aimed at educating the public about tsunamis is something which local authorities may employ to increase tsunami awareness amongst locals. In this study, 70 % of the interviewees indicated that the medium of news they used most frequently was the television, thus making it a viable option for increasing educational awareness about tsunamis. Pararas-Carayannis (2014) indicated that the media can potentially play a critical role in increasing and maintaining tsunami awareness. In the past, local authorities involved in disaster management and preparedness have relied on the use of the media to promote specific programmes (e.g. Earth Science Week activities and Dark Storm).
At the national level, one of the factors which can influence the success of awareness and preparedness initiatives is the attitude of coastal residents to geophysical hazards. This study found that the majority of coastal residents in the targeted communities across both islands possessed an attitude that was consistent with the popular saying and perception that 'God is a Trini'. This perception implies that Trinidad and Tobago is immune to or will be spared from hazards that have ravaged other countries (ODPM 2014). Approximately 46 % of all the interviewees in this study thought there was a low likelihood that Trinidad and Tobago will be hit by a tsunami in the next 10 years (Table 3) . One of the factors that may continue to perpetuate the 'God is a Trini' perception in relation to tsunamis is a lack of awareness. For example, since the majority of interviewees in this study were unaware of past local/regional tsunamis (Table 2) , this lack of awareness may imbue them with a false sense of security as they may be of the view that Trinidad and Tobago and the rest of the Caribbean are 'safe' from tsunamis. Additionally, 57 % of all interviewees indicated that if a tsunami were to occur God will be the entity most likely to prevent the loss of life. Recently, Ash et al. (2012) assessed seismic hazard perception in Tobago and reported that a subset of interviewees held the view that 'God is in control' believing that they would be protected from the hazardous effects of earthquakes (Ash et al. 2012) . It is therefore apparent that religious beliefs influence both the attitude and the risk perception of Trinbagonians. As such, it is critical that local authorities take this factor into account when implementing tsunami awareness and preparedness programmes.
This present study on the knowledge, attitude and practices (KAP) of coastal communities about tsunamis was the first of its kind to be conducted in the Caribbean Region. While the findings of this study are relevant to assessing the effectiveness of current tsunami awareness and preparedness programmes in Trinidad and Tobago, this study also provides an important foundation for future work in other Caribbean islands where authorities may wish to evaluate the effectiveness of existing tsunami awareness and preparedness initiatives. Some of the facets of this study which future investigators may improve upon are (1) sample size calculation, (2) sampling method and (3) collection of additional information through the questionnaires. The sample size in this study was calculated according to the formula proposed by Gumucio (2011) . However, this specific formula did not take into account the total population size. In each of the communities in Trinidad and Tobago, the exact number of persons (i.e. fifty persons) was sampled even though each community potentially had a different population size living on land less than 10 metres in height. This therefore raises the issue of whether the number of persons sampled in each community was truly representative of the population living on land \10 min height. Although such data were difficult to obtain for Trinidad and Tobago, future studies should try to source such information and incorporate it in the sample size calculation. Furthermore, this study utilised convenience sampling for the collection of data in each of the communities. Interviewees were those who were available during the time that the sampling was conducted. Since questionnaires were administered during the week, this meant that this survey technique would have primarily excluded working persons in coastal communities and this could have impacted the data that were collected. Although the questionnaire utilised in this study is a useful starting point for future KAP studies on tsunamis in the Caribbean Region, the inclusion of additional questions may provide data which may provide further insight regarding the findings of future studies. Specifically, it is recommended that information regarding the employment status (e.g. employed in fisheries and disaster management) of interviewees is obtained as this factor may influence the interviewee's knowledge, attitude and practices about tsunamis. For example, in this present study, one of the interviewees at Maracas (Trinidad) had been involved in disaster management at the Regional Corporation level in Trinidad, while the other from Charlotteville (Tobago) was employed with TEMA. Both individuals were well informed about tsunamis when compared to other interviewees who may not have held jobs in the field of disaster management. Furthermore, the collection of topographical data (i.e. the height of land on which the interviewee's house was located) could be integrated into such a study as such information may potentially influence knowledge, attitude and practices regarding tsunamis. It may be that the responses of persons with greater visibility of the sea may be different from those whose visibility is impeded by coastal infrastructure/natural features. Furthermore, interviewees should also be questioned regarding the source/s from which information about tsunamis was obtained. Such information may be particularly useful for agencies that are responsible for disaster management in the country.
Tsunami awareness and preparedness should be an important area of focus for disaster reduction efforts in Trinidad and Tobago and by extension other Caribbean countries. Although the frequency of tsunamis occurring in the Caribbean is not as high as in other parts of the world, these hazards have occurred in this region in the past and may potentially occur again in the future. Knowledge, attitude and practises (KAP) studies can be useful tools in the evaluation of existing tsunami awareness and preparedness initiatives in Caribbean countries.
Conclusion
This study provided the first assessment of the knowledge, attitude and practices of a subset of coastal residents in Trinidad and Tobago about tsunamis. Based on interviews conducted with coastal residents in vulnerable coastal communities in both islands, this study revealed that there was an overall lack of (1) awareness about tsunamis (i.e. knowledge of tsunamissources, natural signs used to foretell arrival, predicted arrival times and occurrence of past tsunamis in the Caribbean), (2) preparedness (i.e. non-possession of tsunami emergency plans) and (3) awareness of past or ongoing tsunami/tsunami-related programmes in coastal communities. The majority of coastal residents possessed an attitude that was consistent with the popular 'God is a Trini' mentality. Local authorities in Trinidad and Tobago should use the findings from this KAP study to evaluate the effectiveness of past/ ongoing tsunami awareness and preparedness initiatives and make determinations about whether certain initiatives ought to be expanded and new ones implemented. Overall, the following recommendations were proposed (1) the development of a national plan of action regarding tsunami awareness and preparedness, (2) the inclusion of the topic of tsunamis on the relevant syllabi at the primary and secondary school level, (3) the continued delivery of tsunami awareness and preparedness presentations and tsunami evacuation drill exercises to key stakeholders in vulnerable coastal communities, (4) the installation of early warning points in vulnerable coastal communities and (5) the use of KAP studies as a tool in evaluating the effectiveness of past/ongoing tsunami awareness and preparedness initiatives.
